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SWM.ARY “

The,presentwork was undertaken‘tQdetermtie
teristicsof heavygagesof l!lc@d2@-+!Jaluminum
of thisSJILOyin thicmesses of”O.c64, O. O&, and

the S~Qt_’@d@j chs&-
auoy. The.weldehili~
0.102inchwas investi-

gated ins of & as the oapacity ‘ofthe%ch4ine-wouldpermit,‘The welder W
a totalelectrode-formcapaci@ of 50C0poundsand a mx@mm peak-current
outpwtof 74 kilxmqeres,usins a condensercayacitanceof ‘2640miczofar~s,
a condenservoltageof 3900;and a bxmefomer-tums ratioof 450:1,

The resultsof the investigationindicatethathigh-etiengthspot
welds,free fran cracks;eqnilsion,and excessivesheetseparationwere
obtainedin the O.C&-inch materialo~er.e wide ~ange in weld~~ current
when optimum’weldingconditionswere used in conjunctionwith electrode
ti~shaving@ sphericalconto~ k inchesin radtus.

With the same tip contour,high qualityweldswere obA&+aedover a
scraetibatnarrowercurrent’r-e in welding,theO.081+nch “%hickneeswith
optigwmconditions.In orderto securevery stro~ welds of good quality
in thisthtckness,the use of 6-4tach~adiusdomeswas rbqutied,but equip
ment limitationsyreventedweldixgunder GpWnvm conditionswith,these
tips. The rage Of shearsiirengthsobtafnpdwas ~onsiderablyuer
than wf~ h-inchtips,but mere was inmfflcientcurrent@&mcity to
permitthe,use of an optimm weld fmce and Insuf#’ioientforge+orce
capaci~ to eliminatecracks in the welds.

Spot weldsmade in the 0.10!2-inchmaterialwith %.ncJr-radiusdcm
tipsand with the m@m.zm mlueG of electrodeforceavailablein the
weldingmchine were unsatisfactoryfrom the standpointof cracking. The
wel~ diameterswere smallin propmtim ti the eheetthicknoes,and the
pemtration of fusionwas hi~h. ‘Theuse Qf 6-inGHadius or possibly
evenlarger,dom tips is alm remmuendeiifor thisgage whenmzch~es
of suf~icientezeotmodefoi~e and mrre~t capacttybeame ~vailable●
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Previouswork on the spot.weldingof 0.020-,0..040-,and 0.064-inch
Alclad24S-T (reference1) showedthattherewere certainccznbinattonsof
electrodeforce,electrode-typecontour,currentwave formand forge-
force t3.ming whichpermittedthe productionof’Houndwelds over a wide
rangein current. That Lnvestlgaticmalso.indicatedLhathigh-strength
welds,freefromdefects,couldbe producedover a,muchwiderrange in
weldingcurrentby usinga variable-forcecycleratherthan a constant-
electrodeforce. Limitationsin the currentand forcecapacibyof the
weldj.ngmachineused for that investigationpreventedweldingthe
0.C?64-inchmaterialunderthe best condition. With the presenttrend
towardincreasingsjze in airaraf%struc$qre~,the use.ofheaviergages
of the.structural.aluminumalloyswIIImouqtrapidly.“,Thepurposeof
the,~jresentInvestigation,therefore,was to extend theearlierwork
to thicknessesof 0,.O@inch and @.qater. Throughthe cooperationof

,. the Tayl,,&7infieldC!o~oratjone,weldingmachineof considerably
.. higher-currentand electrode-forcecapacitywas made availableto the

laboratoryfor thiswork. -

TIIJsinvestiCat~opwas devotedto the.selectionof Vropercombina-
tionsof the weld3.n&”variablestopermitthe productionof high+trength
welds“witablefor primaryaircraftetyuct~es over the widest~ossible
rangein welding.current.The materiql.tied for thbw~rkwas A1.cl.aii
24S-Tin thicknessesof 0.064,0,.081,and ~.102,~nch, }.sin preview
studies,the effectsof the va”iablesuponweld q~”ity were observedby
plottlngstrength-currentcharacter~stfcs,In eech case the average

s

valueof the etren@h oTthree standardshearspecimene(reference2)
was -plottedas a functionof theweldingcurrent. For each set of con- .
ditions.thecvrretitrangebetweenthe valuesbplowwh$chdud welds
occ~red Wad ebcmewhichthe weldeexpelledwas poveredwherepossi%le,
Dei’bc,tsin the welds”areindicatedon thesecurves.by.mgmh.sof appro-
priatesymbols, , .,

This investigation,cond\@ed at theJ@eselaer PolytechnicInsti-
tude,was sponsoredby and conductedwith the financiQlassistancecf .
the Natic?nal4dvisoryCcmunitteefor Aeronautics.

,,. .
,, WELDINGEQUIPMENT...’ ,-

,...

I:

.,.
Th~ tieldingin this investigation.wqs.pe~formed”with’sTaylo&

WinfieM E~-Wavecondonser-dtschargewelder$typeEWRD-3&-3CCIT.TMs
machinewas equippedwith a dud-pressuresystem(reference3)a.nd.waa
capableof deliveringa maximumelectrodeforceof 5000pofids, The ma- .
chineordinarilyiieliveredthe forgeand weld forcesin a constantratio
of approximate~y2.6:s.,butslightmodificationthroughthe use of an
auxiliaryair tank and am additionalpressurer?gulatQrand ga~epermitted .
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&h&ging thisratio
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convenience,a constantYorge- ‘-

T3ne”ti.imiti’pesk-arrentoutputof the y+der.~. 7.JkIst+?+pxq “witi” -
a,ircsnsf’oM.@rr~5ratioof‘$0:1, a coridenser”&*itarice of 2640micro-
feratian~ a condenservoltageof 3000.
.’P ‘ ,-..“., .,. .. ...’”.‘..”’-””.”.,,. !’...,.>........ ....

.%l+s machine=8 designed*O “yi?owe a Ve& :X~$i~-hC3%i=” :k-ek&~i “
farcefrom the valueused for weldingto thatfor forging,the t- required -
for.”this-increasebeing a matte~of.only 8,,mjl>$secdk. A vqqr rapid lmi3.d-
..upin-fo:g~forcesuch as tits ~ti”::highly‘eesent\.awhetiwblding.~$.n~~e
matsyiels,with & variableelectrode-fc:uue“’cyel~”a+d a steepcurreqtwave
foti.‘:.,Foywelding“heaviergages i?hen“shallowercurreiptwav6 fqp are.-..:
:~e~, y“more,@@us.1 ..bui~d-tiph fo~gb,f@ce WoUd te sati6factory...”:.%t.:. shouldbe.empha~ized,however,th&, * ~o:c-~se6houldthe f~~ge,forc~;.‘ ____..).
startto rise beforethe Teak currentkatipa=sed,and It shouldreach Its
maximumbeforethe weld has cooledsufficientlyto resistplasticdeforms-
tion. If the forgeforce.is”a?plibti,.@o:soon,.or in otherwords If the
the from the Feek cu.grentto the,a~p~ieattonof themsxjmn.amforgeforce ‘
is too sho~t,excessivesheetsepration will result. Experiencehas
shown.‘&etmaxiniumhenefita fromwelding.y$th.a~iab Ie electiicde-f.orce
cycle”q?q red~zed onlywhen We fnrgingis”t~d” ve~ accurately%&h,! ‘
respect@. the Qeak weldingcurrent. WXen severalgages of .matarial.-are:

s we~ded,.o~-the-samemaohine,provisionshoul~al~o~g ma~e for v&ryingthe’
forgetime dslsyover a wide remge. TEes&provisions”Qf *curacy.arid~ ...
lat~tude~~in we timingof the forgedelay imre “adequately”. cared :for.. in .

. the, d+migh of the.maghineused for.this investigation; ...! ‘ ;:.,,.+:,-.,
. . .. . . ,, ..-. ., . ,. .. ..>. -.

.“. ..,- .“.I
.“.“~he.t&o& .dep%hof”the tich~e w& 36‘ipcbes,and,for thiswm?k a

—

ho~ spag5mg,frcmcenter to center,of 11~ Inche=T@ used throughout.
The.latter&i.mensicntncludeda f@&wi&e resistancestraingagemounte~
on.me lgw.ere~ectrodeholder. ,. —

. .
...... .. ...,.’. .2. . . ..

..... .. . .... :~j-J&& ... ‘“” >’ ‘.;““.-j . ____
,.. . . . ,,, .,”. ,.... . . ..’ ...“ .,- .,;.. ...

... ;, ..-’...*, .,, ,.. .-.’ .“---- ,-. -. .
TX ..foQQwi&,aredeftiitio~“&”b~” u&& & tQ& re~oriy ~ _~ ~ r _

,. . .. . . ...e.- .-..-,..:
.I,::+e=fp~O + ~@@?l~n * eleetrode;“d&hg the t- ti~w??ioh “..; -

fusiontakes~lace ‘ .“ . .., ,......... ....:.+><
—

., +.,.-. Foqge.force# - -t@elelwbode force. appkk~ after the,.passage:of
. .. ... .. . . .. .. . . ,Wk W* Wld%q currenttoy the purpose& ‘?l~: ~~:.-...... . ,.. -‘-:.natingcracks . ,...:-..,.,?-.:.=,:,-....’..,- ,- .

...+.. ,,, . ... ,. .:-=’,... .
.,. . ‘., ., ,.. .’...,.-“’-. .;-—.-..’...

.
.,:... .. .... ... .,. . . ...... ..

..7 ..<. ‘ -----.-”}1...,..! ..,:,.... . . ...,...
..- ..!---..“.-t .. ... ..-
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Forg& M.ming.-tti. k ?ni3.1.iBec&d8

jmg.curiwntuntfi,
rise’for’forging

Avers@ rate of currentrise- peak

#

l@d2A@’?&, Lhll
*
—

froni’the”&t of ,flowOf WelU-
the electrod6forcestartsto

. .

c~ent dividedby the kime to
,, pfytk

The EketchIn figureI is presentedto XKuetrate furkherthe sig-
nificanceof $heeetekms.’ —.—

‘-The~tiefromleak cwent to =~um forgeforce,indicated# f’e~
vr9”1, is most,sl~ificant in the ~opor .applicaticnof forging,
ures the delaythat,mqsh elapsefrom $he completionof the weld,which is
approx~tely at ,thepeak c&the wddirg cuurent,untilthe weld has gooled
sufficientlyto avoiddistort.ton}but not so much that the forgi~ force
@ iheff’ectivein preventingcraoks,,.,

“ANAL~I$ @l’TEN 3?RCI131J?M

SOURdspot%Qds M alwxinmus&ys are Obtainedthroughproper
selection of the electio”deforce for welding, electrode tip contour,
currentmagnitudeand wave form, and.forgetiming,if,forgi~ Is neces-
sary. The defectsto le conefderedprb?arllyare crackingjexpubiog,
excessivesheetseyezatlon,or the occ~rence of dud weldsdue to in-

*

sufficientcurrent.” The tandencytowarlthe occurrenceof crackingand
efiulsiondecreases;whereassb~etseparationincreaseswith Increasing
electrodeforcefor welding,if otherweldingvariablesexe held constant.

.

Sharperradiustipsand,eteepercurrentwave.femmeincrease the te@ency
toward. @qyiI.sion. Too”shorta delayin Wm.efrom thepeak cu??~ntto the
appllcatio~of forgi~ resultein exoeeslvesheetseparation,whereas
too longa delayrendersthe fcrgi~gineffectivein d~na-ti~ cr~cks.

Thereare two tyyesof pressurecyolein co~on use f’orthe spot
weldingof aluminum~OY6. In one case tie fusiontakes place undera
constantvalueof electrodeforce,and thisforce$s maint&ed un~il
Lb weld has cmnpl.etelycooled. in the Qthertype-ofayc~ethq fuilon
also takesplacqata consta~t@.eC@~de force,but afterthe weld has
beenmade and whileit 2s cooltngthe electrodeforoeis increased for
the purposeof compensatingfor the shrinkagewhtch takesphoe; t~w
craoksare eliminated,

,-
In epot-weldingA1.clad249+l?Jsoundweldsfreefro~ cracks,expulsi6n$

&d excemfve sheete,epwationmay be produced .ovora wider remge i.ncurrent .
with highervKLues”of sheiw”strengwif a variableforce cycle ie used

rather %han a conswt electrcde”force,~ie abilftyto prcduces@ni!Wel@
is que h the faot @#~ in W welaing @ thte alloy~ cracking txm@ ijQ QQcur .

—
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‘“’)’at lowerveZuesof curieatthb exptision. In .se.letting~e magni%~deof ‘-
a constantelectrodbforce,the tenih%cy for crack,ingin the.welb I@ t “
be halancd againstthe tendency,for bxcessivesheetseparatio~.I~itha
variablef’orcecycle,hpweverJthe tendency’for ~tal.sionqF@ be balanced
aga~hstthe tendencyfor exqessiy6”sheetseparation.:Cracking.may.be die- -
regemied.tn sele.ctlngthe we~t fo~”e~ becauseit can,bepreverrhxiby proper
applicattonof the forgingforc~~..Tlie.lessertendencyfor ,expulsi.onto
occurin the weldingof Alcle..d24S+ maY .beattributedto the gasketeffect
of the soft surfacecladding.

In svmarizing thladfsdue~ionIi shouldbe e~hesized that the op-
timumelectiodeforcefor the weldingof clad alloys,when .usi~ a mri-
able forcecycle,iB likelyto be”quitedifferezxtfrom that usedwith a
constantforcecyole. The optimumweld forceIn a variablecycle i8
thatwhichpermitq+theproduction.Qfweldsover the greatestpossible
range In weldtngcwrrentwtth freedomf“rme~uls ion and excessiy Qheet
.separation,regeMless of.the.@tiu&ce”nc@o? cracks~ A.fmge fcrceo?
sufficientmsgni+xvie,iime$,prcq!wly“withrespectto the peak current;
is reliedupon to ellminate‘.c~adks.“Useot electrodeforcesduringweld-
ing whichare lcwerthentll~,optimvmWW resultIn repulsionof metal
from weldsof’smallersize.,,.~ylectzodo:ferc~ahigher than the optM--
wlll resultZn excessive.&heots6p@Atf.cmasti”bciatedwith weldeof,smaller

.‘sl.ze.The opthmngweld.forcevarieswith themqteriplfi.ibknessand:’tip
contour.“ .,’. -.. . . —.

. . . .-.
. XV we13.in%with a ccx+mt force‘cycle,tie el”iminaticnbf.cracks

usualQ re@rea a higherweldforce than ifforgingwere apylied. Thie
higherweld forceresultsin excessivesheetseparation.vhichs180 limits

.
the sizeof satisfactoryWelds that can%e produced. llheoptimumweld
force in a constant.force’.cyclejtherefore~is thatforcewhioh2e~ite
the productionof weldsover.”thegreatestpcss.iblerange in welding
cmreqt with free@m from cracks,e5cptision*and excessive”sheetsepara-
tion. T~e optimwnweld force‘trillbe hi@er.and the.maxitiumourr6n$
rangefor soundweldsnerrowerfor“aconstant,forcecyclethanfor a
variableforcecycle,when spot-weldingalloysti’which the tendencyfor
crackingi= greaterthan the tendencyfor expulsicn.

.
. . ..-”.... *.“

In a~oi weldsin most.of.the structuralaluminum.alloysthe,tegdency
for.cracking~ismore ?ronounqgdthanthe teridencyfor expulsion although
the differe~ceig tendencies‘ie,~omeyhat@eater in cladalloysthan in
bare al.loys.-cThi.simprobablydue til%e’-sealingeffectof the cladding
whiohwas mentioned,previously.,In.tildingotheralloys,suchas 3S-1/2H,
52S-l~2H,andfls+l!,,inwhtchthe draokingtendencyis equslto oi+I.es&
thah the expu.lsfontendency;thereis no advsn~e in usinga varfable
fdrcec~cle (refqrence4]. In yeldiugthesealloysthe weld forcen+ue$
be set higherto offset’the Increasedtendend~towarde~ulsion. “~i6
may he donewith less dangerof exce~sivci”~heetseparationthenwith the
clad structuralalloys. This hi~herweLd forceapparently-is-sufficient”.
h preventcrackingbelow the expulsionLtiit. -—-——
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Frm ‘thisaE&sie it’should“riot~be ‘“@’eJ&dtha;the uk o~..titipum

“valumor weld forceie elwqye~equlredin spqt-weldingalunlny-u.al.loYs.
‘Ihkpurposeindetemniningoptlmm weld forces is to show what ~ best pos--
.Sible results,,’are for any given.condit+ons ~ material thickness and tip
.c’ontou&.lh many instances,for zymqtructurelparts sound welds 0$ ,MWW

shear etre@h or h@h*tren@h wehiacontalni~ @m@J.amountsof defegts
are sati8factory. Weldingequipmentwith t.nsufficien~_el.eotrode.force~and
currentcapacityto permitweldinga given,mate>lalundero@imim gond+tions
will,in thoseoases,Btlllbe adequate.

.

,,
. DISC?EX310N OF titi~.

. .. ..,

..”.

*
.-. ,

0,06&Ineh.Alclad24S+ ; . .. ,,..,,.,

‘Indiscussingthe spot”mldlnq of O.C6~inch Alclad2kW it ~irst
~ ,bewell,to co?siderthe resultsoh~tned with thicknessin reference
1 h whichthoseresultsare presentedgraphicallyin fig’ixrss24 and 2~.
Ibta on the wave.fom and forge timjnqare shornin tableIV of the @@e
reference. The resultsindtcetedthat,,neithera weld f orGe of 800 po~ds
~nor of 16oo,pounds,in conjunction wi+h ~ forges forceof 2400pounfi
(=tim for t%t ~.chine),was satisfactoryfor 0.06&inch Alclqd’245-T,
usingeither@- or &inch~ad.Jusdome tips. The use of a steepwave
fmm was more desirablethana shollowwaveform,withincertainlimita-
“tions. Dome tipsof k-inchradius.were Judge?to be euperiorb the ~-
‘inch-radiusdomesfor the 0,06kinch material..The largerradiustips
permittedtheproductionof largerweldsW&out excessive sheetpepar4-
tionor expulsion. ,

●

✎

he ‘furegoing resulti.showed that, to obtain welds of reasonable .,

strengthwith~utob,jectionablesheetseparationand expulsion,it was.
necessaryto use &inchwadius electrodes.Wi~ thesetips the avail.alle
$?orgeforce was inadequateto avoidcracking, The importanceof prop6r
timingof the &ppltcatlonof the forgefqrcewas also evidentfrom,t@
resultsmentioned.

,,..
With thesefactsin mind,weldingconditionswere.delectedwhichre-

sul.te~,in the.chemtctqristic curve (fig. 2). ,This showeda considerable
improvementover the resul”t~of-we earlierwork.,The machinesettingsP

,, and,chemLceJ.-surWac&treatmentgpeciftcatlons are ~esented in table I.
The maximumaverage shear strength for radiographicallysoundwelds
approached,1500pounds, The range in peak currentoverwhichsoundwelds
frcm6X pounds (hmy mtnimp,etmefigth), w 1500poundswere.pr@@ed was
approxightely18$000amperes, ~is wakconsidered,t~ be,a very sa%ls- .

fackry ,workingrange. ~ approximateslopeof t~ C* is 46 pqunds
,perkilosqere,Fhich indZcatm@the deslrabzefact that the shearstre”ngth
was onlymoderatelysensitiveto change~in the weldingcurrent, .

.t
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Raisingthe wel~ force to a value greater ~m. 1600 pounds in order
to increase the maxtium obtainable yeld size,b~foie eipulsion occurred
wae unsuaoesaful.With a weld forceof 1800 pounds,exoessivesheet
Reparation(greaterthan10 percent02 the thicknessbf ~ singlesheet)

7

was introducedin the sound-wel,d.pointsat ‘theupperend of the curve..A
weld forceof 1600pmmis was, therefore,,”donsfderedoptimumfor thisthiok-
ness usinga ~tnch+adtus-dom+ip ccntour~.~e forgeforceof 36w.Po@Es
was,about* .tiimlnuthatwbs adequatefor ‘theseco~”titicnsof tip contour
andweld:foroe.,.. .’ —..

Althotihtheseresultsrepresenteda cozisiderableimprovemento%r
ljastTerformances2it may inthe futurebe desirableto produceeven
strongerwelds in thismaterlaL. Imitations are that thtscan be’done
throughthe-use’of 6-inch-radiusclew tips. The eleGtrode-forceand
currentre@irembnts“wouldhe a~ected.to tic:~asegreatlyunder such
conditi~sj however. ,

..

In figure 3 are presen@d photomicrographsof a typtcalspotweld,~
0.C6&-inchAlclad24S+2from a eeriesof weldsham & averageshear
stie~~ Of 1380pmniis. The pictureat.amagnificationof 10X showsthe
weld to.besoundand well-oenteredin the sheets,hav~nga peneti-ationof
about~~ yercentin eemh”sheet.Thep~otc@crograph at MOX-shows the
typicaleq..al:axlegr@n structureat -bhe,oeri@rof the weld surrounded
by the“columnargrains, The heat+i’ectedzone of’incipientftm?ion&nd
o~sragt@jis obs~rv~dto be ratherwide,but this
ness,ofmeteria~. The protrusionof the cladd’ipg
co*idered normQ. ..

. .

0.081-Xnch,,* ..
‘‘Withthe knowledgegainedfrom

Alcl.ed24S+

is no&ne.1for this thic*
into the weld nugget is

.. ..
..

..-

weliting the O.C@+inch thtclmess,an
attemptwas“madeto eelect weld@g condit$one for the.C-.O&-inch gage.
The ;,re@@ of the condl.tionsfjnally arrived at are presented in the
atrengtjh-currentcharacteristicof figure4. The machinesettin$sare “
shownin tible-X1. ,’ .

,, i ..
,..

we fiximtiaverage.shetistie~~ for ~adfo~aphidallysoundwelds
in this thicknessof material,-ueihgtheseweldingcondi~ionswas a~out
1700younis. Spot weldsh.aving~ aver~e shed strengthof 1050 pounds
(ArmY minimum value] to l~CM youadswere”producedover a currentrange
of approximately13,000amperes. Althoughsatisfactory,thiscurremt
rangewas not so wide ap that olytai.ned.for the O.C@+nch material. tie
approximateslopeof the ctiveis ~ youndqper kilomaperewhichcompares
very favorablywith tie VSJ.UO of ~ po~s y~r kfl~pe~ for the O.C@+
inch.g.atarial.Attimpts%c!Nrease the.~ound-i’eldrengeyetieunsuccessful
becauseof’the tn”tmk+uctlonof excessiveSheeteeparatioh. . ‘“.,. . ....;“ .. . . - -, !“”.. .-.. . ,.- —
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‘ The o~feasi’%lemethod of Increasingthe weld sizewas @’use” ~
large~radlusdome’tips. The resultsobtainedthrough.Me use of ~inch-
radiusddme5’“brapiesentedin @e curveof.fIgurea. Theweldingcon-
ditionsm% ~roeentedin tableIII, Theee,rem.it.t~indicated.thatmuch
q~~nge$ “welds“couldbe.obtained,,withfreedcznfroinexpulsionthanwas”
+possl~l”.?,with the k=inch-radiustlpe..The limi@ti’onin:cui%nt capaci~
OZ themach~e requireda decreqq,ein the‘weld.forcein orderto make ‘
,theselargerwelds. ‘Thisis.:thereason‘fQr t$e decreasefrom the ~OOG”

~,”,,potiweld forcefor the!Mn@-@ius tipst’o,t~e v~ue’ tif 1800 pounds.
U&e& in thisca~e....’ActuaU.y,the.weld f~~ce s~ouldhavebeen increamd‘far
the l~ger radiustips,and thiswouldhavebeen done if‘s~icient current
capacityhad been ava$lable.Becausethe weld and forge forceswere varied
in a constkntratlota decreasein the weldfome necessitateda decrease
in the forgeforce. The forgeforceused, “%herefore, was’300:poundsle’s~
than the capacityof %he.machineand was ~~$i,cientto eliminatecracks
only,o+er”’averywrow range$n wpld.~ c~n$. A much hi@er forge,,
forcethanthe 50CJPpound..maxlmuqprovidqdby thismachinewouldhave
been necess~ to eliminatecracksh the’largerw@ds”.
.. . ,..,,,

“Witha fo-rgeforceof sufftciqnt~gnituds to eliminatelihecracks,
sound’weldshavtrigshearstxengthsup,-+JOCat least2LO0poundscouldbe “
iroducedjotherconditionsremainingthe,same, I@ view 6?”we fact
thata tieldforceof 2000poundswas consideredo@klmumfor ~hlsgage
when uqing“hinch-radiusd.o~,~.j itis to be expectedthat the value.of’
1800 ~oindsiS far below theopt,imumfor 6-inch-radiusdome tips. The

,.ueeof’”a’tild forceapproaching,the ?ptim~ vslue,‘togeth~rwith a forge
;f~ce of sufficientmaghitudeto ez,~inate.cracks,wouldbe 6~ected to
raisethemaximumstren@h for soundweldsin thisgage appreciablyabove
22.00pounds. .

I’hotomicrographsof a @pical spotweld in O.081-irIuhmaterhl are
presentedin fQure 6, This particularweld We made with &lnch-radiue
dome tipsunderthe sameconditionsas the weldshavingan averageshear
strengthof”1440pounds,ae shown.in figure4., The pic‘hretakenat a
magnificationof %OX showsthe W@ to,ha~..qlightlymore..penetrationin
one sheetthan,Zn-the other, The.weld is uqifcmmin shape,however,and
of ‘soundstructure.The pictureat 100X show?tie ~i:al equal-axis&i,nd
dolumnardentiitic”zones(?fthe.weld,~ain surrGund@ by a wifle”zoneof
i~ipient $rain-bcmnd~gtusionand overaging,as was observed,..lnthe
Q.C@-i~h ‘thick’he$ss %’be.protrusion.o? ,t~e,c>addi~ i~ta.;he we+d
n~:et is nmma.1...,?. ... .. ,. ..—:“ .“.. . .. ..,1

.,.. ,..,..:.. .. ..,:”—
,..’”’“..””>. ,., ,

-t‘, ,,..... .. . ..:’, “0.102-Inch<:Alolad.2k .. ‘ ~’ . “~” “~-..\ .,.. ,,., .:. ,.
... .. .. ..-...+ .,. ..,.. . .

.[...‘:... -Indsmuchas it had been dewgnstrated.“@t’t~~~ldti~ pachine ‘
possessed insufficient.oapacity.to weldthe O.081-i+iicMthicknessMder
opti.m~c’~ditlons’Ueing 6-inchnrad3usdome ~ips~‘:~~was coneidered

,. .,.



Unpractibab’le to attempt. arLy welding with -t@se tips on the 0.102-inch
materisli Thehighest val.ue~ of electrode forceavailablein the welding
m’btie were chosen>S@ kinch~adius dome tipswere,6mployed,me weld-
Mg conditionsare shownin tableIV. ?he resultingstrength-current
charac%ristic:AS presented.in ~igure7. Soundswelds,havingstrengthsof
from 1400poundsto about~000poundswere,producedover a currentrange
of abotit6000 amperes. !I%eslopeof,the curve’was approximately.l~
poundspcn$kilosmpere,much steeperthan the curvesfor the O.C@@ ,and
O.081-inchmaterials. Thesewelding“agnditia@are, of course,satis-
faotoryonlyfor ~ointsin whichhigh-strength,soundkeldsare not

imp6rtanto As.in the case 0$ @ O.081flnchmaterial,tie productionof
high-qpelitywelds.in-theO.1~-inch thtcknpsswill have to wait,for weld-
ing eqtiplnentW suitable.capacity.~. , . ,. . . ... ., ‘, _

The metallcgraphicstructureof a ~ical spot-weld in the 0~162-inch
thtcknessof .Alcladi 24S4 is phown .infig~e. 8. -Thiswel~ was made mbr
the sane conditionsas tip25$~Qun&. w&lds’o? figure7., The’photomicr-
graph:at 1(XIieveelsthat @e, diampterof.,t@istild is r~lative~ small
in ~ropomtion.to,theth$clmessof the sheets? me cle.@ingprotrudesin-
to the nuggeta consids~@ie.Mstance~.-d we cbnter@. tie weld phow
evidenceof a consikrableagountof,yoro$i~ and ciackhg. The,end- ‘
weld structureof the.spotweld is ~hown@ the photomicrographat 10CK.

.

.- . ,,
. . .

,-. C&’cLusIoNs:”‘. “ ‘ .,, ,:” “; ---’. . . . . . .
.,. .,, ,. ..., >,’

.

‘ As a result, of this iqve~tigatioti it M be concluded in general.
that welding machines equipped- .tith &zal.-presqu&6 syiitems are eveh mol?e
important for the production o? spo> welds of “l@i qualityin the heavier
gagesof A1.clad24S-Tthanhas been reportedin previousinvestigations
with lighterSages.oZtits,~l~y. ~T+eresultsof this investigation
were subJeGt,to the fol.1.qwimg~qhtne,limi*a~iOnS:a fOrqe fOrCe af 5000
poundsand.a.peek curr+n~of .74~o~eyes,. obtainedWith a condenser
capacitanceof 264Qmicrofarqdsj.a.conde@ervoltageof 3000,and a
transformer-turnsratioaf 450:.1...Am.ldtigmachinewithmuch higher
electrodeforceand curreniicapmi~” is.requ$iedin orderto obta~
maximumbenefitsin sp@7~e~d~g Alchd 24S-JTin thicknessesof 0.081inch
or greater.

.. .
. . . . . . . . . . . . . . . ~.:-

Electrodesof !+tichradiusqre suitkble,~b~@l ~~&s “of;.Wc}ad
24S+ from 0.020to 0,064’’inch.~pg forgingis.ta be’applied,the
optimmnelec.txodeforce. duringweldir@~,~- pound$,shopldbe about25
timesthe single-sh~etthickness in roils,,usingtl@, tip contovr. For

. gagesheavierthan 0.C64 inch,it is.desZrableto vise,,>erge~radius,
electrodes.Withthese tzppjsomew~t.higher~Jectr@e f~ces during
maing=6 phefemble. .~:: .‘. ..: .,: .:-” . :.... ., ., - ;. .——

. .
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““In:weld$~ Alc& 24S-T up to 0.081 &oh .in-kichqss, it has I&n

-.,,

obserfed,that,,when.the,opttium’value of weld force is employed,for a
partic~w. thicknessof ma$@~ ahd ttp contour,a forgeforceof-.2.~-.
tines .theweld force is adqquate,.toeltiina~ cracks in the welds up tO
the” point on me,stren&th-ciqwent @aracteristic.at tihichexpulsion
starts. Thisrtitioof fg~ge-to-we~d,forcewill,probbb~yalso.be found” .
adequatefor we heaviergageswhetisuffibietithachine-ca~oity permits
their wbl.di~ ~dbr optimum ‘conditions. me specific conclusions of
th$p work we” summarizedes’fQllms: .“”.-.—

11 Soun~spotweldsof h“~~~sbength in-O,”C@++.nCh.AJc@d 24S-T
were prcducedoveren extremelywide rtige~ weldingcurrentwhen
optimum.weldingconditionswwre.usedwtth kinch-radiusdome tips.
~ese,.conditims were:. ,,, -.

..’
$.

Weldforoetpoimds. . . . . . . ~ i .1, ,, ’.’. . .. .. . , ., 1600 .. ___
Forgefierce,pounds.”.. , , . . ... j=, . . . . . . . ,, 3600
Forge’timi~, mil.lisemnd$.. .,, . . . ... . . . . . ,.65
T- to peak current,M.lli%conde . . . ~ , . . . . . . . , , 16
..Timefrompe+c c-ent to maximumforge force, milliseconds.. 57
. iveragerate of curr9titrise (center of etrengttiurren%

characteristic), amperea’pe~wj.”1.l$eqccm?-, . . . . . , . ‘.3500

JJ?hi@e~trength spot welds were desired in this aaterbl} they could
he procuredby using6-inch-radiusdome tipe$provided_-Jherequiremants
of higherelectrodeforceand weldingc~nt ~ere met.

.

— ,.

2. S6undspot kids tn 0.@l+nch ficl~ 2- were produced.over
a.reasonablywider-e in ~la$ng ouzqwntwhen optimumweldimgGon- .

.

dttionswere usedwith %nch-radius dcme tips, Theseconditionswere:

Weld for,ce,F~S, , ~ ; . . . . .””...”... ‘“’..,..2000
Forgeforce,~bw(xk:.(ha+n~).‘ . , . . . . . 1‘~.‘. ,.. . 50C0
Forge timirigjmil~ishcc~ds, .‘, . , . , , , ● q.*****~. 110 .
T3me to .pe*’ current’,mililise~onds. , . . . . . , ,“. , . . ,.27 ..I
Time~frcznpem c~rent b -M forgej?~rce,mill.ise~onds. . 9$ ..
Averagerate of currentrise (centerof strength-curyent
ckacteristic), amperesper fl$.secoad , . . . . , . , ● ~00

,

Spot welds of much higher qheer“strength~re obtatied ~ this th!tckneas .
of materi.aJ.tihen6-inch-radiusdome tipswere used. The Lb@tation in _
currentcapac~~ of @e tihine7 howe%er;rbg~iredthe We of a lower
weld force in orde~to obtainthe~elaqa?.welds~ ActtiaZly,the weld
force s~otidhavebeen inc~e~sed.for we ,,larger-radiuqtips; Because
theweld hii f opge forces’ were v2xied, @. a ccm8thn* ratif+2J:,a..$ewease

in weld forcenecdsdit~teda decae@ $n fbr~efo~ce, me forgerorcie
.,

used, therefore,was 300 poundsless than the capeoityd the madinq
.
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and was sufficientto elirnjmate
weldingcurrent. A much higher

u.

cracks cmly overa very narrow range in
i?orGeforcethan the ~OCO-pwnd.maximum

availablewould have been necessary-to eltiinate cracks in the larger
welds, . .

3. Sound.spo’twelds fi O.102-inclI A1.chd 24S+? were produced over
a verynarrowrsnge in weld= currentwith ~inch-radi~ domesdnd -with
themaximumelectrodeforcea~ailable,in th$smachine. .% was tie case
with.0.081-inchmaterial.,muck more satisfactory walds coulii havebeen
obtainedthroughthe use of 6-inch~adiuedome.tipsand a weldingmachine
of sufficientca~acAty.

..a
,,.

WeldingLaboratory . ..
RensselaerPolyteoliniclhstitute

Troy,N. Y., April.9, 1945 1:
,.,,
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ALCLAD24’S-T

coNDENsm+mcmmJ’vfxImE

[Wepe condition~ were optimm for thts +Aiclmess and tip contoub,.1

,,,
Electrcde.tips.. . . , , . . . , . . . .
Electrodeforce .. . . . . . . . . . . .

!lraneformer-turnsratic . . . . . , . .
Condensevcapacitance . . , . ... . . .
C?onde~ervoltage . ... . . .. , . . ; .
Forge timing. . . . . . . .“..”...:
Surfacetieatment . . . . . , . ....... ~

..

. .,.

)+~c~,5~13s d~es. .

~&x) ~c)l,mdg.(weld)

3t%0pounds (forge]
3!lG:l
1440 microtarads . .
2oco. w 2700 VOltS .“, -’
65 miIlisemnde
Degreasedin trichloroethylene.-
Treat6d10 minutesin hy.dm+
“f~UO~fiiCiCacid,E@IFG, 3 “
percentby TO1- ~.’75°F~.
rinsedincold water,a~ir+?ied.

,,

- TNNE II.- WELDIIX.1CONUITICWSF(X 0.@l-ENCE ALCIAD24S+

cuNms3R-mscEARGE WmJJER

[Thesecondition were optimumfcxrthis thicknesssnl tip contour.].
,,

Electrodetl~s . . . . . . .. , . . . . . -Ctiadius d~es
Electrodeforce . . . . . .“. . . . . i “2000 pounds(weld)

7000 pounds(forge) (mextium)
Trsnsforrtler-turnsratia . . . . . 1 . ..4“N:1
Condensercayaclt+ce “. . . . . . *,’● . 2040microfarads .
Conden~ervol.tags,,‘.. , ; . . . . . . ~~~ to 2700 volts
rorge +dm!ng. . . , . . . . . . . . . . 110 milliseconds~-
Surfacetreatment . ..e. . . . . . . Degreasedin tricblorcethylene.

heated 12 minutesin bydro-
fluoec,ilicicacid,H@iF~,

,. fiercenthy vol-, 75°F;
in cold water;air-dried.

. .
. . .“..

.,,. ,. .J, .
., NATIONALAUVISORY

C!CNMI!ITEEFGR AERONAUTICS

,—.—

,. ,.. .
.,

. .

.
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TABtiIII.- tiLDIIWCOtiITIOtiFti O.081-INCHtiLAD 24S+

coIvmsER”micHARcxwELmR ,.,,, .,
[fibse conditiom werenot satisfactory for -Us thickness and tip
contour , A weld forceof 18OOpoundsdeme.nffedcurrentrequ&e-
mentsup to themaximumcapac~txOF the mach$ne. Thisweld force
is prob=blj at least 600p~und.s-‘belcwthe optimumVSLuefor this
thicknessS_ndtip Cmtcnlr..J

.,.

Electrodetips .. . . . . , . , . ~ ~ . ..
Electrodeforce . . . . .. v......

..\ .!
Transformer-turnsratio . . . . , . . .
Coniie,peprcapao$tance . . ..: . . , . .
Condenservolt+ge,, . . . , ,...... . .
Forge $~ing, ,. .:,..., . . . . .
Surfacetreattuent...;.... ..:

.

TX3LEIv.-WELDINGCONDJTICM3FCIR

.

6-3Pch-radim–”dorries
J.800pounds(weld)
h700.pounds (forge) “
450:1
2640JRiC2?O#%XdJ3 (mdmm)

ZLOo to 2930 Yolts
93 mill isewnw!.s
Deqeased in trichlorcethylerie. ‘
Treated 10 minutas in h@ro-
fluosiliOiCAcid,HAS~Fe, 3
percentby volume,75°F} rinsed
in cold”wate~jair-drted,

.

0,102-INCHAKLAD 24S-T..

CONTfENSER-DISCmGEVELJER - ‘ ‘
.

..

[Theseconditionsare unsatigfatitwryfotithis thtcknessand tip
contour,providedhlg~~bp~w, so~d waldsem, desired.
use of 6-inah-wadiu~tip~ is re@rmended when machinesof
cientcqpaci~ We available.]

,.
.

Electiodet$ps’.‘~.“. .. .“. . , Q“. ,
Electide force’ .i . . . . . . . . . ..,

Transformer-t”imm3 ratio . . , . . , . .
Condenser capacitance. . . . , , , . . .
Condenser voltage . . . . . . ~ . . . .

0 Forge tmin~ . . . ~ . . ●,... ...*.*. .
Surface treatment . . ... ; .-. ;-, , ,-

. . . . .“

., ,’. . . . . .

&inch-radius domes

[

2CO0 pounde wld)
yc(xlgourds forge)
450X1
2640 mtcrofarad.s(maximum)
2300tO 2900 v02ts

117 milliseconds
Pegreasedin tiichloroethylene.
Treated15 minutesin hydro-
fluos~licic aci?.,H~iFe, 3

.

percentby voluue,’750F, rinsed
in coldwater,a~r-drjed. .
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Weld current
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of forge force
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k ‘1=Forge timin&— — ~~>
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FOR AEROl?AUTICS
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-Time to
full forge

Figure l.- Current and force relations in dual-pressure .
cycle for condenser-discharge welding machine.
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Figure 2.- Strength-aurrent Oharaateribtj,c of Alclad 248-T. Thickness, 0.064 Inah;
eleotrotledome-tip radlw, 4 inahes; electrode force, 1600 pounds (weld), z

3600 poundEI (forge); forge timing, 64.7 mllliaeconds; average rate of ourrent rise,
P

3485 mperes per millisecond.
+

I . 1 .



NACA TN No. 1411

lox

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

.

100X

Figure 3.- Photomicrographs of spot weld in 0.064-inch
AIChd 24S-T .
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Figure 4.- Strength-current characteristic of ~clad 248-T. Thickness, 0.081 inoh; electrode
dome-tipradlue,A inches;electrodeforce,2000 pounds (ueld), 5000 poundE

(forge);forge timing,110 milliseconds;average rate of ourrentrise, 2100 i?m.rperesper
millisecond..
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Figure 5.- Strength-current characteristic of Alclad 24S-T. Thickness, 0.081 inch; electrode
dome-tip redius, 6 inches; electrode force, 1800 pounds (weld), 4700 pounds

(forge); forge thing, 93 mllliaeconds; average rate of current rise, 1925 amperes per
millisecond.
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Figure 6.- Phototiorographs of spot weld in 0.081-inoh
Alclad 24S-T.
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Figure 7.- Strength-ourrent ohmaot eriBtic of AI.oled 248-T. Thioknese, 0.102 inoh; elee~rode
dome-tip radius, 4 Inohesj eleotrode force, 2000 pouodB (weld), 5000 POUndB

{forge); forge timing, 117 milliseconds; average rate of ourrent riBe, 1800 amperes per
millisecond.
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Figure 8.- Photomicrographs of spot weld in 0.102-inch
Alclad 248-T.
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